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Specification 

1. Title of tlie Invention 

Semiconductor Device 

2. Scope of Patent Claim 

(1) A semiconductor device, which is characterized in that it is made from 
a circuit, which is controlled by a pre-stage circuit and comprises at least one 
bipolar transistor and at least one insulated-gate field^effect transistor, and in that 
said circuit is actuated using as the reference at least one voltage, and at least 
one of the voltages of those voltages that are used as said reference is different 
from the reference voltage that actuates the pre-stage circuit that controls said 
circuit. 

(2) A semiconductor device, characterized in that it is controlled by a pre- 
stage circuit and in that it comprises a means for raising the output voltage that 
consists of an N channel field effect transistor and a P channel field-effect 
transistor, which are connected vertically, and a bipolar transistor, wherein the - 
vertical connection is connected to the base, as well as a means for lowering the 
output voltage that consists of an N channel field effect transistor or a vertically 
connected field-effect transistor and a bipolar transistor wherein the vertical 
connection is connected to the base, or a parallel connection of these 
[transistors]. 



(3) The semiconductor device according to claim 2, furttier characterized 
in that said means for raising the output voltage connects a reference voltage to 
the source of the P channel field-effect transistor and a voltage that is different 
than said reference voltage is connected to the collector of the bipolar transistor. 

(4) The semiconductor device according to claim 2, further characterized 
in that said means for raising the output voltage connects control signals from the 
pre-stage circuit to one gate of the field-effect transistors that have been 
connected vertically through the drain-source of the field-effect transistors, and to 
the other gate through the field-effect transistor circuit, as well as [through] the 
means for lowering the output. 

(5) The semiconductor device according to claim 4, further characterized 
in that said means for raising the output potential applies a reference voltage to 
one gate of the field-effect transistors that have been connected vertically, and 
applies voltage that is different from said reference voltage to the drain of said 
field-effect transistor and the collector of the bipolar transistor whose base has 
been connected to the vertical connection. ~ 

3. Detailed Description of the Invention 

[Field of Application of the Invention] 

The present invention pertains to a semiconductor device and in particular, 
to a circuit that uses a bipolar transistor and an insulated-gate field-effect 
transistor (MIS transistor hereafter), \A^ich is ideal for obtaining a strong drive ^ 
performance and a large output amplitude. 



[Prior Art] 

The semiconductor device in Japanese Kokai Patent No. 59[1984]-25423 
is a conventional circuit tliat uses bipolar transistors and MIS transistors: 

Figure 17 is the structural diagram of the above-mentioned semiconductor 
device. Actuation and problem points of this circuit will be described with Figure 
17. The combined circuit of a CMOS (complementary MOS) and a bipolar 
transistor 7 and the combined circuit of an MIS transistor 6 and a bipolar 
transistor 8 are connected vertically. In the description that follows, the voltage 
Vss of the negative power source is 0 V. When the potential of input temriinal 1 is 
0 V, the p channel MIS transistor 4 turns on, current flows to the base of bipolar 
transistor 7, and this bipolar transistor 7 turns on. On the other hand, the base 
potential is 0 V and therefore, bipolar transistor 8 does not turn on. As a result, 
current flows to output terminal 2 and the potential of this output terminal 2 rises. 
The potential of output terminal 2 is eventually brought to the value obtained by 
subtracting voltage Vbe in the forward direction between the base and emitter of 
transistor 7 from voltage Vcc of a positive power source. Thus, by means~of the 
conventional circuit in Figure 1 7, the potential of output terminal 2 cannot be 
raised to voltage Vcc of the positive power source. 

Moreover, in addition to the above-mentioned circuit, the drive circuit in 
Japanese Patent No. 59[1984]-8431 is semiconductor device consisting of a 
combined circuit of an MIS transistor and bipolar transistor. 

Figure 18 is a drawing showing the structure of the above-mentioned 
semiconductor device. By means of the circuit in Figure 1 8, an inverted 
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combined circuit of a CMOS circuit and a bipolar transistor is connected in 
parallel between input-output terminals. In contrast to the fact that inverted input 
signals are output by the above-mentioned circuit in Figure 17, positive signals of 
the same phase as the input are output by the circuit in Figure 18. That is, when 
input terminal 10 is brought to a high level, MIS transistor 13 turns on, current 
flows to the base of bipolar transistor 17. and this bipolar transistor 17 turns on. 
On the other hand, P channel MIS transistor 15 is OFF and N channel MIS 
transistor 16 turns on and therefore, the base potential of bipolar transistor 18 
becomes 0 V and this bipolar transistor turns off. As a result, current flows to 
output terminal 1 1 and the potential of this output terminal 1 1 rises. In this case, 
the potential of this output terminal 1 1 rises to the value Vcc - Vt - Vbe, which is 
obtained by subtracting the threshold voltage Vj of N channel MIS transistor 13 
and the forward voltage Vbe between the base and emitter of bipolar transistor 17 
from the positive power source Vcc. Thus, the output level of the circuit in Figure 
18 is lower than the output level of Figure 17. 

It is not possible to raise the output voltage sufficiently with the above- 
mentioned type of conventional circuit. When the output voltage is low, the 
actuation of the next stage of the circuit is delayed and when the LSI is viewed as 
a whole, high-speed bipolar transistors cannot be utilized to their fullest extent. 
This problem will become increasingly obvious in the future when device 
refinement and reduced power source voltage become necessary. Consequently, 
there is a need for a circuit that uses strong drive performance of bipolar 
transistors and produces a sufficiently high output level. 
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[Object of the Invention] 

The object of the present invention is to improve on these conventional 
problems and to present a semiconductor device that uses the strong drive 
performance of bipolar transistors and with which it is possible to obtain a 
sufficiently high output level. 

[Summary of the Invention] 

In order to accomplish the above-mentioned object, the semiconductor 
device of the present invention is controlled by a pre-stage circuit and is made 
from a circuit comprising at least one bipolar transistor and at least one insulated- 
gate field-effect transistor. This circuit is actuated with at least one voltage as the 
reference, and at least one of the voltages that are used as the above-mentioned 
reference is different than the reference voltage that actuates the pre-stage 
circuit that controls the above-mentioned circuit. Thus, it is possible to obtain a 
strong drive performance and a large output amplitude. 

[Examples of the Invention] 

Examples of the present. invention will now be described in detail by 
means of the drawings. 

Figure 1 is an example that describes the concept behind the 
semiconductor device of the present invention. Figure 1 is an example of the 
case of a circuit with one input and one output. D in Figure 1 is a combined circuit 
comprising a bipolar transistor and an MIS transistor, C is the pre-stage circuit 
that controls circuit D, A is the temninal that applies the voltage that_becomes the 
reference for the actuation of circuit C. and Bi through Bn are the terminals that 



apply the voltage that becomes the reference for the actuation of circuit D. 
Moreover, E is the input temninal of circuit C and G is the output terminal of circuit 
D. Connection line F is the signal line for transmitting signals that control circuit 
D from circuit C. 

By means of the present invention, at least one of the voltages that are 
applied to Bi through Bn is made higher than the voltage that is applied to 
temninal A and as a result, the level of the signals that are output to terminal G is 
higher than the level of the signals that are output via signal line F to circuit D. 
Thus, it is possible to generate signals of a high level while still using the high 
speed of the bipolar transistor. 

- Here, the voltage that is applied to terminal A or to terminals Bi through Bn 
can be at a constant level or it can be a pulse voltage as needed, and depending 
on the case, multiple voltages can be supplied to circuit C as the reference 
[voltage]. Moreover, there can also be multiple signal lines F. The present 
invention is not limited to Figure 1 and can be used for circuits with many inputs 
and many outputs, but for simplification of the description, examples are given 
below that are based on the same structure as in Figure 1. Terminal A in Figure 
2 is connected to the positive electrical source Va, but as previously mentioned, 
[the present invention] is not limited to this [example]. 

Figure 3 is a structural diagram showing a first example of the 
semiconductor device of the present invention. By means of this example, the 
pulse voltage that is the reference for the actuation of circuit D is applied to _ 
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terminal Bi and a level that Is higher than the actuation reference voltage Va of . 
the pre-stage circuit is output to output terminal G. 

The actuation depicted in Figure 3 will now be explained using the voltage 
waveform in Figure 4. When the input voltage E is 0 V, the potential of signal line 
F is brought to a high level by the pre-stage circuit C shown in Figure 2 and 
reaches the steady state at voltage Va. The potential of terminal Bi at this time 
becomes Va in Figure 4. However, P channel MIS transistor 25 should be turned 
off by setting Va + I Vt26 I or less with the threshold voltage of P channel MIS 
transistor 25 being Vt25. When the potential of signal line F reaches a high level, 
N channel MIS transistor 27 turns on and the base of bipolar transistor 26 
becomes 0 V. Bipolar transistor 26 turns off and N channel MIS transistor 29 . 
turns on and therefore, the potential of output terminal G becomes 0 V. The 
potential of input terminal E rises to Va and the potential of signal line F rises 
(refer to Figure 2). The potential of terminal Bi increases to Va or higher. At this 
time, P channel MIS transistor 25 is ON and N channel MIS transistor 27 is OFF. 
Base current flows to bipolar transistor 26, and N channel MIS transistor 29 turns 
off. Therefore, current flows to output terminal G and the potential of output 
terminal G rises. The potential of output terminal G reaches the potential that is 
obtained by subtracting forward voltage between base and emitter Vbe from the 
potential of the base of bipolar transistor 26, and therefore, when the desired 
output level is Va + Va (Va > 0), the desired output level can be obtained at the 
output terminal G as long as the potential of terminal Bi is raised to Va + Va + Vbe- 
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When the potential of input temriinal E changes to 0 V and the potential of 
terminal Bi returns to Va, as previously described, the potential of signal line F 
rises to Va, bipolar transistor 26 turns off, N channel MIS transistor 29 turns on, 
and the potential of output terminal G becomes 0 V. The potential of Bi at this 
time can be set at any value as long as it is Va + I Vt26 I or less, as previously 
described. For instance, it can be the same as Va. 

As previously mentioned, by means of the present invention it is possible 
to obtain high voltage output v\^hile still using the high speed of a bipolar transistor 
by setting the potential of Bi as needed when the signals that are input from 
signal line F are at a low voltage. 

Furthermore, it is possible to construct N channel MIS transistor 29 for 
lowering the potential of output temriinal G in Figure 3 as shown by 30 in Figure 5. 
That is, circuit D has a structure in which an inverted combination of a CMOS 
and a bipolar transistor is connected in parallel. In this case, the circuit that flows 
through N channel MIS transistor 40 is amplified by bipolar transistor 42 and 
therefore, the potential of the output terminal can be lowered at high speed. 
However, in this case, the potential of output terminal G is controlled by the 
forward voltage between the base and emitter of bipolar transistor 42 and 
therefore, it cannot be lowered all the way to 0 V. When it is necessary to lower " 
the potential of output terminal G all the way to 0 V, 30 in Figure 5 should be in 
parallel to N channel MIS transistor 29 in Figure 3. Furthermore, P channel MIS 
transistor 41 in Figure 5 is applied to the base of bipolar transistor 42 to eliminate 



the charge and reliably turn off this bipolar transistor 42 when signal line F 
becomes 0 V. 

Figure 6 is a structural diagram showing a second example of the 
semiconductor device of the present invention. 

The difference between this example and the example in Figure 3 is that 
in contrast to the fact that the collector of bipolar transistor 26 and the source of 
P channel MIS transistor 25 in Figure 3 are connected to terminal Bi, in Figure 6, 
only the source of P channel MIS transistor 51 is connected to terminal Bi and it 
is not connected to collector terminal B2 of bipolar transistor 52. In short, by 
means of the structure in Figure 6, only the base current of bipolar transistor 52 
is supplied from terminal Bi. Consequently, when compared to the case in which 
both base and collector current of bipolar transistor 26 are supplied from both Bi 
as in Figure 3, the load on the circuit that drives terminal Bi is alleviated and - 
high-speed actuation becomes possible. The rest of the actuation is as shown in 
Figure 3. 

Furthermore, by means of Figure 6, the collector of bipolar transistor 52 is 
connected to terminal B2 and the potential can be set independent of terminal Bi, 
- which supplies current to base 55. Consequently, it is possible to reliably prevent 
the saturation of bipolar transistor 52 by keeping the potential of this terminal B2 
higher than the potential of base 55 of this bipolar transistor 52. In order to do 
this, a pulse voltage having the amplitude of the base voltage or higher can be 
applied to B2 in synchronization with changes in the potential of base 55. The 
potential of B2 can also be kept at a constant value that is higher than the upper 
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limit of the potential of base 55. In the latter case, when signal line F is brought 
to a high level and the potential of output terminal G changes to a low level, high 
voltage is applied between the collector and emitter of the bipolar transmitter, but 
in this case, base 55 is grounded by N channel MIS transistor 53 and therefore, 
the voltage resistance of bipolar transistor 52 is determined by BVces (voltage 
resistance between the collector and emitter when the base is grounded). Thus, 
there is a problem in that the voltage resistance is high in comparison to the case 
where the base is in a floating state. Furthermore, if there is a chance that 
bipolar transistor 52 will be temporarily deeply saturated due to changes in the 
power source voltage in Figure 6, this deep saturation of bipolar transistor 52 can 
be prevented by inserting a diode DIO between terminal Bi and B2 as in the 
same figure and applying a current via the diode when the potential of terminal 
Bi has become abnormally high. In addition, when necessary, circuit 30 that 
lowers the potential of output terminal G can be made only from MIS transistor 29 
as shown in Figure 3, or it can be made from a bipolar transistor and an MIS 
transistor as shown in Figure 5, or the two can be used in parallel, as was 
previously described. 

Figure 7 is a structural diagram of a third example of the semiconductor 
device of the present invention. 

The main difference between Figure 7 and Figure 6 in temris of the circuit 
is that by means of Figure 6, circuit D outputs inverted signals from the signals 
that are input from signal line F. That is, in contrast to this inverter actuation, by 
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means of Figure 7, signals of the same phase as input F are output, or so-called 
non-inverted actuation is performed. 

In Figure 7, bipolar transistor 83 is a transistor for supplying current to 
output terminal G in order to raise the potential of this terminal G, N channel MIS 
transistor 84 is a transistor for passing current out from output temriinal G to Vss 
and the other MIS transistors are for controlling the ON and OFF states of above- 
mentioned bipolar transistor 83 and MIS transistor 84. 

The actuation of the example in Figure 7 will be explained using the 
voltage waveform in Figure 8. 

In order to simplify the description, the potential of terminal Ba is kept at a 
constant level that is higher than the upper limit of the potential of base 76 of 
bipolar transistor 83 in the figure. However, It is also possible to apply a pulse 
voltage synchronized with the changes in potential of base 76 to such an extent 
that bipolar transistor 83 does not become saturated. When the potential of input 
terminal E is Va, the potential of signal line F is brought to 0 V by circuit C and 
therefore, N channel MIS transistor 75 turns off, P channel MIS transistor 80 
turns on, N channel MIS transistor 81 turns on, and the potential of 87 becomes 
Va. As a result, N channel MIS transistor 77 turns on, bipolar transistor 83 turns 
off, and N channel MIS transistor 84 turns on. Therefore, output terminal G 
becomes 0 V. Next, when input terminal E is lowered to 0 V, the potential of 
signal line F becomes Va and as a result, gate 88 of N channel MIS transistor 75 
is charged to the voltage that is obtained by subtracting the threshold voltage of 
N channel MIS transistor 74 from Va. On the other hand, P channel MIS 
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transistor 80 turns off and N channel MIS transistor 81 turns on and therefore, 
the potential of 87 becomes 0 V and N channel MIS transistors 84 and 77 turn off. 

When the potential of terminal Bi rises to Va or higher in this state, gate 88 
of MIS transistor 75 has already been charged to the voltage that is obtained by 
subtracting the threshold voltage of N channel MIS transistor 74 from Va and 
therefore, 88 is raised to a potential higher than Bi by the self-capacitance 
between gate 88 of N channel MIS transistor 75 and Bi. Therefore, current 
passes to base 76 of bipolar transistor 83 and the potential of this base 76 is 
raised to the potential of tenninal Bi without being limited to the threshold voltage 
of N channel MIS transistor 75. As a result, the potential of output terminal G is 
the value obtained by subtracting forward voltage Vbe between the. base and 
emitter of bipolar transistor 83 from the potential of Bi . If the desired output level 
is Va + Va, the potential of Bi should be Va + Va + Vbe- Furthermore, the voltage 
of gate 73 is Va and therefore, N channel MIS transistor 74 plays a role in 
preventing a back flow of current from gate 88 to signal line F by turning off gate 
88 when it rises to Va or higher. Next, when the potential of input tenninal E rises 
and the potential of terminal Bi drops, signal line F becomes 0 V and gate 87 
becomes Va, bipolar transistor 83 remains OFF, and N channel MIS transistor 
84 turns off and output terminal G becomes 0 V. Base 76 of bipolar transistor 83 
is grounded through N channel MIS transistor 77 at this time, and the voltage 
Tesistance of this bipolar transistor 83 increases. Moreover, even if the high 
voltage of B2 is applied, there is-little chance that bipolar transistor 83 will be 
destroyed. This is the same as in Figure 6. By means of the present example, it 
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is possible to generate signals of an output level that is as high as the input level, 
as previously explained. 

"Furthermore, when necessary, the circuit shown in Figure 9 can be used 
for the circuit for lowering the potential of output terminal G, and the circuit in 
Figure 9 and N channel MIS transistor 84 can be used in parallel. Moreover, 
when there is a chance that bipolar transistor 83 will be temporarily deeply 
saturated by fluctuations in the power source voltage, an abnormal elevation of 
the potential of Bi to B2 should be prevented by connecting a diode between Bi 
and 82, as shown in Figure 6. 

Figure 10 is a structural diagram of a fourth example of the semiconductor 
device of the present invention. 

The main difference between Figure 7 and Figure 10 in terms of the circuit 
is that in contrast to the fact that in Figure 7, the collector and the base of bipolar 
transistor 83 are electrically separate, the base current and the collector current 
are supplied from 82 in Figure 10 by inserting N channel MIS transistor 103 
between the collector and the base of bipolar transistor 104. 

The actuation of this example is explained below: Furthermore, the 
desired output level is Va + Va and a voltage of Va + Va + Vbe is applied to 
terminal 82. Vbe here is the fonA/ard voltage between the base and emitter of 
bipolar transistor 1 04. When the potential of input terminal E drops from Va to 0 
V with terminal Bi at 0 V, as in the case in Figure 7, the gate of N channel MIS 
transistor 103 is charged up to the potential that is obtained by subtracting the 
threshold voltage for N channel MIS transistor 102 from Va. At this time. N 
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channel MIS transistors 105 and 108 are OFF and therefore, cun-ent is passed to 
the base of bipolar transistor 104 from temnihal B2 and bipolar transistor 104 is 
turned on, and current is passed to output terminal G and the potential of 
terminal G rises. The base potential of bipolar transistor 104 only rises up to Va - 
Vtio2 - Vtio3 and the potential of output G drops further to Vbe when the 
threshold voltages of N channel MIS transistors 102 and 103 are Vtio2 and Vnoa. 
respectively, and therefore, an output level of Va or higher cannot be obtained as 
is. Therefore, a pulse voltage is applied to terminal Bi with gate 1 12 in a charged 
state and the potential of gate 1 12 is raised to Va + Va + Vbe + Vnoaor higher by 
capacitance 100.- As a result, the base potential of bipolar transistor 104 is 
raised to Va + Va + Vnoa and the potential of output terminal G reaches the 
desired output level of Va + Va. By means of the present example, the base 
potential of bipolar transistor 104 only rises up to the same level as terminal B2 
^and even if the potential of terminal B2 drops for some reason, bipolar transistor 
104 will not become saturated. Next, when the potential of input terminal E is 
raised from 0 V tcTVA, signal line F becomes 0 V and N channel MIS transistors 
103 and 107 turn off, P channel MIS transistor 106 turns on, and N channel MIS 
transistor 105 turns on. Therefore, bipolar transistor 1.04 tums off and N channel 
MIS transistor 103 turns on and the potential of output terminal G becomes 0 V. 
- Furthermore, by means of the present example, circuit 1 1 3 for lowering the 
output of terminal G as needed can have the structure in Figure 1 1 , and the 
circuit in Figure 1 1 can have N Channel MIS transistor 108 in Figure 10 
connected in parallel, as in the example in Figure 7. Moreover, the potential of 



terminal B2 was held at a constant level of Va + Va + Vbe in the above-mentioned 
description, but the pulse voltage that goes from 0 V to Va + Va + Vbe can be 
applied to terminal B2 after charging gate 112. In this case, the potential of gate 
1 12 is raised by self-capacitance between gate 1 12 of N channel MIS transistor 
103 and terminal B2, and therefore, capacitance 100 and terminal Bi are not 
always necessary. 

Thus, by means of the present example, it is possible to use to the utmost 
the strong drive perfomriance of a bipolar transistor, as well as to create a 
semiconductor device having an output amplitude that is higher than the 
reference voltage of the pre-stage circuit, by setting the voltage that serves as 
the reference for actuation of a circuit comprising a bipolar transistor and an MIS 
transistor so that it is different from the voltage that serves as the reference of the 
pre-stage circuit that controls this circuit. 

Hpwever, it is necessary to apply a pulse voltage to terminal Bi in the 
examples that have been described thus far. There are many types of circuits 
that generate a pulse voltage, and since their circuit structure is well known, "they 
are not described. However, the circuit shown in Figure 7 of "256 K CMOS 
Dynamic RAM with Static Column Mode Having Cycle Time of 50 ns", Ishihara, 
Miyazawa" Sakai, Nikkei Electronics, Febmary 1 1 , 1985, pp. 243 to 263, is a 
circuit that generates a pulse voltage as shown by the voltage waveform in 
Figure 9*. Moreover, by means of the examples thus far, the source of the P 
channel MIS transistor (for instance, 25 in'Figure 3) is brought to a high potential. 



* sic; Figure 8?:7-Trans, Note. 



but it goes without saying that it is necessary to keep the potential of the well of 
the P channel MIS transistor higher than the potential of the source to prevent 
the flow of excess forward current between the source and the well, or so-called 
latch-up. Furthermore, although high voltage is applied between the drain and 
source of the N channel MIS transistor (for instance, 29 in Figure 3), if there are 
problems in terms of voltage resistance, the voltage that is applied between the 
drain and the source of the N channel MIS transistor that is a problem in terms of 
the above-mentioned voltage resistance should be reduced by serially inserting 
an N channel MIS transistor whose gate potential has been brought to Va 
between the drain of this N channel MIS transistor and the terminal to which the 
drain has been connected. 

Although various uses are envisioned for the present invention, it is 
particularly ideal for dynamic semicon_ductor memory devices. This is because in 
order to create high-speed semiconductor memory devices, it is necessary to 
drive the word line that has been selected at high speed and high amplitude, to 
increase the signal voltage, and as a result, to increase the S/N ratio, and further, 
to increase the storage voltage and to improve resistance to soft error. The 
details of the above-mentioned are described in Itoh, K. and Sunami, H. "High- 
density one-device dynamic MOS memory cells," IEEE PROC, Vol. 130, Part I., 
No. 3. JUNE 1983, pp. 127-135. 

Next, an example of the case where the present invention was used for 
the word driver of a dynamic semiconductor memory device will be shown. 
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Figure 12 is a block diagram of a semiconductor memory and shows the 
N-bit memory cell array and peripheral circuit group. 

i Number of word lines WL and j number of data lines DL are set up 
intersecting one another in memory cell array MCA, and memory cells MC are 
placed at N number of the points of intersection between the word lines and the 
data lines. Each address input Xo through Xn and Yo through Ym is applied to 
address buffer circuits ABX and ABY, and this output is transmitted to decoder 
driver circuit XD and YD. Of these decoder driver circuits XD and YD, word lines 
are driven by circuit XD and write-read circuit RC is driven by circuit YD so that 
the writing of information on the memory cell MC that has been selected from 
memory cell array MCA, or the reading of information from this memory cell MC 
is performed. CC is the write-read control circuit, and this circuit CC controls the 
above-mentioned address buffer circuits ABX and ABY, decoder drive circuits XD 
and YD, write-read circuit RC, and output circuit OC by chip selector signals CS, 
write actuation control signals WE, and input signals Dl. Output circuit OC is the 
circuit for externally outputting information that has been read by write-read 
circuit RC. By means of the above-mentioned structure, it is possible to drive 
the level of word line WL at high speed and high amplitude by using the circuit of 
the present example as decoder driver circuit XD, and a dynamic memory of high 
speed and high stability can be realized. 

Furthermore, write-read circuit RC in Figure 12 is placed so that part is at 
the end of memory cell array MCA on the opposite side of decoder driver circuit - 
YD and control signals from decoder driver circuit YD can be used by being 



passed over memory cell array MCA. Moreover, address input Xo through Xn of 
the X system and address input Yo through Ym of the Y system are input from 
separate input temninais in Figure 12, but, for instance, it is also possible to use 
these input terminals together by a system of inputting with a time difference, or 
so-called "address multiplexing," as described in: 1977 ISSCC "Digest of 
Technical Papers," pp. 12-13. 

In this case, the above-mentioned write-read control circuit can be driven 
using signals that control address uptake, so-called RAS and CAS, in place of 
chip select signal CS. 

Figure 13 is a more specific example of Figure 12 and shows part of 
memory cell array MCA and decoder driver circuit XD in further detail. 

DECo and DECi in Figure 13 are the decoders and WDo and WDi are the 
word drivers. WLq and WLi are the word lines, DU and DU are a pair of data 
lines and MCo and MCi are memory cells. Furthennore, Iq is the equalizer for 
equalizing data lines in terms of potential and SA is the sense amp. 

The circuit structure of equalizer EQ and sense anfp SA is discussed in 
detail in: 1984 ISSCC "Digest of Technical Papers," pp. 276-277, and therefore, it 
is omitted here. Moreover, decoders DECo and DECi are actuated with voltage 
Va applied to the respective terminals 130 and 137 as the reference, and word 
drivers WDo and WDi that use the present invention are actuated using as the 
reference pulse voltage' (j)x applied to terminals 154 and 157, voltage Vh applied 
to terminals 155 and 158, and the pulse voltage applied to terminals 156 and 



1 59. It goes without saying that here, voltage Vh is the potehtial at which bipolar 
transistor 150, etc., does not becomes saturated. 

With the exception that N channel MIS transistors 1 52 and 166 are set up 
in parallel with N channel MIS transistors 151 and 165, the circuit structure of 
word driver WDo and WDi is the same as that of circuit D of Figure 7. Read 
actuation in Figure 13 will be described using the voltage waveform in Figure 14. 

When read actuation Is started, the pair of data lines DU and DU are 
brought to the same potential of approximately 1/2 Va by equalizer EQ and then 
brought to a floating state. On the other hand, the gates of N channel MIS 
transistors 148 and 164 are pre-charged to a voltage that is obtained by 
subtracting the threshold voltage of N channel MIS transistor 145 and 163 from 
Va with pre-charge signal being 0 V and all address buffer outputs Axo, 

Axo AxR being 0 V. Two word line drivers are shown here, but pre-charglng Is 

actually carried out at the same time on all word "drivers. Next, once pre-charge 
signal (j)p has risen, either the positive or negative address buffer output is raised 
and In accordance with this, part of the |v| channel MIS transistor inidecocler DEC 
turns on, and, of the gates of the above-mentioned MIS transistor that have been 
pre-charged, the gates of the unselected word drivers— drivers other than the 
word driver connected to the word line that is selected — are brought to 0 V. The 
case where word line U Is selected is shown here, and the gate of N channel 
MIS transistor 148 remains pre-charged. On the other hand, the gate of N 
channel MIS transistor 164 is not selected and therefore becomes 0 V. Moreover, 
the output of DECi becomes 0 V and therefore, unselected word line WLi is kept 
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at 0 V by turning on N channel MIS transistor 165 of word driver WDi. Next, 
when word latch signal is lowered and signal <t)x is raised from 0 V to Va + Va + 
Vbe, the gate of N channel MIS transistor 148 in WDo is boosted because it is 
pre-charged and the potential of word line WU rises to Va + Va as with the circuit 
actuation in Figure 7. On the other hand, the gate of N channel MIS transistor 
164 in WDi is 0 V and does not rise. This N channel MIS transistor 1 64 turns off 
and the potential of word line WLi therefore remains at 0 V. When the potential 
of word line WU that has been selected rises, N channel MIS transistor 160 of 
memory cell MCo turns on and signals are read out from memory cell MCo to data 
line DLo. A small potential difference is produced between the pair of data lines 
DLo and DLq. 

The potential difference between the above-mentioned data lines is 
amplified by sense amp SA and information is re-written in the memory cell and 
transmitted to the post-stage circuit. Next, pulse signal is lowered to 0 V, latch 
signal is raised, and word line WU is raised to 0 V. Then the pair of data lines 
are brought to the same potential of approximately 1/2 Va by equalizer EQ. On 
the other hand, all of the address buffer outputs are lowered and then pre-charge 
signal <|)p is lowered to 0 V and pre-charging is performed in preparation for the 
following actuation. By means of the above-mentioned reading actuation, the 

circuit of the present invention is used for word drivers WDo, WDi and 

therefore, the potential of the word line that has been selected can be raised at 
high speed and. high amplitude. As a result, the sipal voltage as well as the 
storage voltage of the memory cell can be increased, facilitating both high speed 



22 

and high reliability. Furthermore, the circuit described in Nikkei Electronics that 
was referred to can be used as the circuit that generates pulse signals (|>x in 
Figure 13, and, for instance, the example in Figure 6 can be used to produce 
high speed. Moreover, a decoder is set up at each word driver in Figure 13 and 
the same pulse signals (|)x are applied to each word driver. However, it is of 
course possible to make various modifications as necessary, such as using one 
decoder for multiple word lines and decoding and applying only one pulse signal 
from word drivers that share a common decoder. 

Moreover, an example where the pre-charge voltage of the data lines is 
Va/2 is given here, but the present invention is not limited to this example and 
this voltage can be set at any voltage within a range of 0 to Va. 

Furthermore, by means of the above-mentioned read actuation, the base 
of the bipolar transistor of the unselected word drivers, for instance, 168 in WDi, 
is kept at 0 V by when signal <j)x is 0 V and by an MIS transistor insjerted 
between the base of the above-mentioned bipolar transistor arid Vss, for instance, 
167 of WDi, when signal is raised. Consequently, there is no problem with 
voltage resistance of the above-mentioned bipolar transistors, even if the 
collector is kept at a high voltage of Vh because [this resistance] is determined by 
BVcEs. as previously mentioned. 

However, by means of the structure in Figure 13, two positive power 
sources, a power source that supplies voltage Va and a power source that 
supplies voltage Vh, are necessary. These power sources can, of course, supply 
electricity separately from outside the chip, but it is also possible for only one to 
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supply electricity from outside the chip, while the other generates and supplies 
electricity inside the chip based on [this electricity from outside the chip] as the 
reference or for both to generate electricity inside the chip based on another 
power source as the reference. Consequently, it is also possible that, as in 
Figure 13 or the above-mentioned examples, when two positive power sources 
are necessary and one is an outside positive power source, for instance, the 
higher of two voltages is supplied directly from an outside power source, while 
the lower [voltage] is supplied by reducing the voltage of the outside positive 
power source further using a voltage limiter circuit, as shown in Patent 
Applications No. 56[1 981 ]-1 68,698 and No. 57[1982]-220,d83. Moreover, 
depending on the case, it is also possible to supply the lower voltage from two 
required power sources from an outside positive power source and to raise the 
voltage of the outside positive power source using a booster circuit and then to 
supply this higher voltage. 

Figure 15 is an example of the booster circuit used in the present 
Invention. 

By means of this circuit, voltage Va is supplied from outside positive power 
source to generate high voltage Vh. The circuit in Figure 15 is one in which so- 
called charge-pump booster circuits CPi and CP2 have been arranged in parallel. 
The actuation theory of the charge-pump booster circuit is well-known and will 
not be described here. Here, Zener diode 192 is for the leaking of current when 
the voltage of terminal 194 becomes too much higher than the desired Jevel Vh 
and for preventing the potential from rising further. However, it can be omitted 



when it is not necessary. IVIoreover, it is also possible to successively connect 
multiple MIS diode circuits, wherein the gate and drain of a conventional diode or 
MIS transistor have been connected, and use this in place of Zener diode 1 92. 
In addition, the example wherein diodes made from an MIS capacity and an MIS 
transistor have been connected in three steps is shown as CPi and CP2, but in 
general, when the number of steps is n, the threshold voltage of the MIS 
transistor is Vj, and the pulse amplitude of <|)si through ^2 and ^^ through ^3 is 
Va, the voltage that is obtained is approximately (n + 1 )(Va - Vt) and n should be 
selected in accordance with the Vh that is needed. 

When this circuit is used in Figure 13, the current, which must supplied 
from terminal 194 in Figure 15, increases when the word line is selected. 
Consequently, it is possible to actuate both CPi and CP2 in order to obtain a 
large supply current during the active period of the semiconductor memory, and 
to actuate only CPi during the stand-by period. Thus, it is possible to obtain a 
high output current at low power consumption. 

Figure 16 shows an example of the voltage waveform of the pulse applied 
to CPi and CP2 in Figure 15. 

In the figure, only CP2 is actuated during tsT. that is, the stand-by period, 
while both CPi and CP2 are actuated during "top", that is, the active period. In 
order to synchronize the start-up time of CP2 with the time when the word line is 
selected, for instance, chip select CS signal and RAS signals are used. 
Moreover, it is necessary to hold the potential of the word line that has been 
selected to a high potential for a long period of time for actuation so that the 
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information of the memory cell on tiie word lines is read continuously as one unit, 
as witli the so-called page mode. In this case, once the word line potential has 
reached a high level, it is of course possible to activate CP2 using CAS signals, 
etc. 

incidentally, this is an example in which two charge pump circuits are used, 
but it is of course possible to use one or to use many circuits as needed. 
Moreover, the potential of terminal 194 In Figure 15 will temporarily drop when 
the potential of the word line rises extremely rapidly. In this case, it is necessary 
to increase the capacity of terminal 194 and to decrease the reduction in 
potential in order to prevent the saturation of the bipolar transistor where terminal 
194 is connected to the collector. Therefore, it is also possible to make the 
parasitic capacity of terminal 194 greater than the collector capacity of the bipolar 
transistor by connecting the collector of the bipolar transistor for supplying Vh to 
all of terminals 194. In addition, and <|)s3as well as <|>ti and ^ are all different 
signals, but depending on the case, [the memory] can be driven by the same 
signal. 

Furthermore, when there is a chance that the bipolar transistor will 
become temporarily saturated by fluctuations in the power source voltage, it is 
possible to prevent the saturation by connecting a diode between the output 
terminal of the circuit that generates pulse signals and Vh terminal 194 of 
Figure 1 5, as previously described, so that this diode will turn on when the 
potential of becomes high relative to Vh. 

[Results of the Invention] 



As previously mentioned, by means of the present invention, tine voltage 
that serves as the reference for actuation of a circuit comprising a bipolar 
transistor and an MIS transistor is different from the voltage that is the reference 
for actuation of the pre-stage circuit that controls this circuit, and therefore, it is 
possible to use to its fullest extent the strong drive performance of the bipolar 
transistor and to obtain the desired high output level. 

4. Brief Description of the Drawings 

Figure 1 is a schematic representation of a semiconductor device showing 
the basic stmcture of the present invention; Figure 2 is a figure showing a 
specific example of the pre-stage circuit in Figure 1 ; Figure 3 is a diagram 
showing the first example of the semiconductor device of the present invention; 
Figure 4 is a voltage waveform graph for Figure 3; Figure 5 is a diagram showing 
circuit 30 of Figure 3; Figure 6 is a diagram showing a second example of the 
semiconductor device of the present invention; Figure 8 shows the voltage 
wavefomri of Figure 7; Figure 9 is a figure showing circuit 86 of Figure 7; Figure 
1 0 is a diagram of a fourth example of the semiconductor device of the present 
invention; Figure 1 1 is a diagram of circuit 1 13 in Figure 10; Figure 12 is a 
diagram of the dynamic semiconductor device that pertains to the present 
invention; Figure 13 is a figure showing the case in which the present invention is 
used for a word driver; Figure 14 is a diagram showing the voltage waveform of 
Figure 13; Figure 15 is a charge pump-type booster circuit used in the present 
invention; Figure 16 is a figure showing the voltage waveform of Figure 15; ' 
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Figure 17 is a first conventional example; and Figure 18 is a second conventional 
example. 

A. Terminal that applies the voltage that serves as the reference for 
actuation of circuit C 

Bi through Bn. Terminals that apply the voltage that serves as the 

reference for actuation of circuit D 

C. Circuit that controls circuit D 

D. Circuit that comprises an MIS transistor and a bipolar transistor 

E. Input terminal 

F. Signal line 

G. Output terminal 

Va. Voltage that serves as the reference for actuation of circuit C 
30, 86, 113. Circuit that lowers the potential of output terminal G 
Xo through Xn. X address 
Yo through Ym. Y address 
MCA. Memory cell array 
MC, MCo, MC. memory cells 
DL, DLo, DLi. data lines 
WL, WLo, WLi. word lines 
ABX, ABY: address buffer circuit 
XD, YD. decoder and driver circuit 
- RC. write-read circuit 

CC, write-read control circuit 



OC. output circuit 

DO. output 

CS. chip select signal 

WE. write actuation control signal 

Dl. input 

Axo. AxR, Axo- address buffer output 

DECo, DECi. decoder 

WDo, WDi. word driver 

SA. sense amp 

EQ. equalizer 

(t)p. pre-charge signal 

(|>L. latch signal 

(|)x. pulse signal 

CPi, CP2. charge-pump circuit 

192. Zener diode 

^s^. te- CPi active pulse 

c|)Ti. <h?. CP2 active pulse 
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Figure 1 . 

A. Pre-stage circuit 

D. Combination of bipolar transistor and MIS transistor 

Figure 3. 
Pre-stage circuit 




Figure 6. 
Pre-stage circuit 
Figure 7. 
Pre-stage circuit 
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*<bTV7 hX7-Bttfe»*&Ci: A^cfi^H* 

K.and SUNAMI, H. ry'^-CxVi/r-T' 

'High density one — device dynaaic MOS ee 

■ ory cells' , I E E P R O C . , vol. 13 0, 

Pt. I. No. 3, JUNE 1983, PP 127 
-13 5 tC»tt 

jsi 2iatt5^'<-^5y4'ffl^«#>*y«>^°f 

Nlf'yhCDjt^U'fe-n/TU— MCA 



& «» 0!) la T « « . 

- K T 0 Hix D »c atffl -r * i J: u . 

5 y ;t * U ^ ^ S 5 . --- 

)te S . Jg 1 2 ia *J ^^ X . - K^^tfSb 

EBftRCtt, -tcO-iSS:. -ra-i''' K-5-f/<0 
»YDi:S»ffl<0>^'J'feA'rU-MC A«)ttC 
K»tr, ra-jr - K^-f/^0llYD**60« 
.ftfll^fe^^y-fe^Tb-MCAro^fcab-ciw 
»-rft^i:%-^e'5. »l2H^c«v^r^±, 

X»057KUXA*Xo--'Xn2:. Y3?i<^7KU 
XAAYo - Ynji:&M*®A:A«TFJ: yA:«jU 

■cv^*;&*. 1 977 issccr^r-<t7 

x:?.h - i:-^ ' T if ' ^'-y^-XJ "Dige 

at of Technical Papers" P. 1 2 — 1 3 ^C jfi 

X 6 nx J: ^ . r *i 6 o a;!j «^ «r^ffl 
«tMS&Kttr A*r *:6'3ft, MtJ •i)* '7 
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«l3iatCfiMrDECo , DECi tt7=3- 
^''^ WDo » WDi tt'7-KK5-</'('t?. WLo . 

^'iSi, MCo r MCi ttjt^ij-t/ve&5. 

E Q -r - * Hfe ^ « fi:«;tc3Jt|5tz-r-5fe«>0!)'i' a 

-ra9-i'-y-EQ«!6.tKtc-fev;;^7y5''SA0!) 

lHl»«fia^CO V^r (±, 1 9 8 4 iSSCCTiT^ 
i/ h • jT^ - r- if JU • ^'-y-C-Xj "Dl 
geat of Technical Papers", P - 2 7 6 2 7 

7«:irfcttLv^©t?, c zv\t^m-r ^ . 

VaJiU. N^ + ;^;UMISh5Vi^^i»l45, 
1 6 3©Ul!tv>1ttJE*:lll/f|v^fe«ffiH:/yf'+- 
i^-r$, dC-ett, 2-309-KK5-<-''<CD*w 
L H S5I t ^ r 7 - K K 7 o v^ r 

B$ tj V - i^* S: fr e> - , y i; ^ ^ - 

lt?t;-C7'a-irDECJt>^Nf--y4^/l/M I S h5 
K*«tcg?ie$tifc«7 - K K^-r/^JB^^cO^^iS^^- 
*;i/Mi s s-yvs^x^i 1 4 8®y-httyu^-y 

OVJC«!<&. *fc, DECioaiAttOVi:)^* 
^ "e . 1^ jB W 7 - K Ift W L 1 ( * . 7 - K K ^ -f /X 
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T^a-ifDECo , DECi It. ^fr**?-! 3 0 
1 3 7IC^liDd^<&flSj£VAfi;l£«^ UTftf^L 
■*^H^&^5fflUfc'7-KK^-i'-'<WDo r WDi 
li^^^-iS^lS^. 157tc^fti$ns^<;i/3J. 

Vh. 5 6, 1 5 9tC^jto5Ka/^;i/7.18 

6 6& KHUfcCh&|^t^»f. ||70O|lIBgDii 

LO . Duo & • •<3"5-<if-EQKJ:^T*5l 

Axo , Axo •'••AxR&^TOVhL/feJKJi 

WDi ^ a)N ^ ^ :^ /UM I S h 7 :/ iy I 6 5^ 

+ Va + VBa'^A'&±Jf*t, WDn ifCNf'-*' 

>-i;^^nTv^^,fe«»^H$^^, i»7aoiEi»»i&r 

f^i:fRltKtCL/T7-KttWLo<JDia{&J±, Va+^ 
MI S hvVS/X^ 1 6 4 COy-httOVT^-S 
1 6 4 1*5^7 Urfey , •7- KttW L 1 flD«(tt 
®«tt*^A*i±*^S i: . > * i; *^I/M c 0 cpCDN 

aiSn, 5*-^<^DLo i:. ^^t^lfx-^rttD 
±jar-^r|Si;5f/!IIt5t8ffiafl4. ir V X 7 V :/ S 
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#^i,£SCt.±»fT9-K»WLo S:0V^C3^tl 
1^; I / 2 V A ©^Stt tcr S rKu:^^<y 

K -<^<WDo . WDi p • • • • tc, 

fif9£Dgieft&ajs UTv^dj^tei. a^dti^7-K 

-tflDitt*. 6 t^tC^ * 'J * 

tffUB laoStSDKlFil&fflv^lT* J: VI. »1 3 

E -C tt , 9 - K K ^ -< ^< «5 ^c -r 3 - if ft a »:t , -'^ 

j&ll L. fc *^ S C JC C T « » (0 9 - K K ^ Y -'^ 

^aa * Wfift-r s r tt^ffift-flnffl-eafe 4 v%r 

8856-1 6B698-9-* 4$ffillS57-2200 
8 :i ^n^nm^fji if (c^ d nrv^ J: ^ U ^ v 

IS 1 salt. :4c|SiigtcMt^d^£(giift^-*^lft 

^01? & 'Si . 
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VA//2i:-r5«t^Lfe*^ Ztmm.^^ iy^if 
WDi rpd) i 68©^-Xtt, flt-g-^xJ&^OVCD 

a u ^ t»«ffiV H«)**i:L/rt»iaiJB»tet>. 

a CD u X ;i/ V H «}: y ± u ja » « 2ft & »j - 
yx-^-ir-f5r-Ki9 2CD»ytc, aflt 

U t» ® «: ffl vxr t <k i> . * fc, c 
Pi . C P 2 t bX . M 1 S nit t U I S h y > 

- * T- a <0 ^ ffl « fc V A 4: -r 4 i: . « 6 ^ S 
«ffitt«(n + l)(V A - V t) 4: »te U • & 5f i: t 5 
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I 9 4 J: y mm U<s<TW:'a:e»'!ev>«aii. 
9 - K « ?i' a ^ S i:ttC:A:$<j:B4. L it 
X . if ^ -i- ^ y 0 m^'^ :^ =t 0^ 7 9 ^ f tii 

C P 1 fe S t!:* i i: t» ^(IBr * 5 . C #i 
-e * 5 . 

0160 tt. isisia^cpi. cp2/v^iia 

Htc*?v>rt±. tst, -r «i v/'^ o nH 

fffltCl±CPl©;i^;&^«ff^U, top, tttti^TO 

r-rr-r^«sratcitcp 1 i:cp 2 o)m:^ a^th^ 

fitut; hffi^i-CS^RASfll^&jlHimi-nKJ: 
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CASri-^<i:ifS:f(lfflUTCP2fefgtt<fcL 

9 4 CD«fl[*^ttTr « 3 4 . 

9 4*^3Uir5rjcas«$^vfc/<-<';jf--7 h 

^7 *J 7.9 (n^^^V: ±T ^ti^ . 9 4(35 

A * . -t O M> tt , V H Sr -r 5 «!) C!) 
94HfiSttr6^:^:^cJ:^r, Ji^ 7t^-y h ^ u 
SSritfAPS-tt-a d t t,-C* -5. rrTJi. 

fiftMia, 191 2iSli:(cftQi;)^JS;gdii^^^-^^y 
1 4iat±i8l SBCDttSift^&^^iS. m I 519 

£ & ^^imt- % ti^a?-. c : ISM D «: n^fQ-r ^iseft. 

D : M I S h^^'£/7.# i:yW;K-'5 h-^ixj/;!?. 
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9^^t/M»> E : F ! m#»» G: 

as**?. V A i muca>n^<Qmmttst^nm. 

30r 86, 113 GOlBttfeA^T 

Y7 }i U 7.. MCA:;i*U-b;t/7U-, MC, 
MCo » MCi r^^Uls;!/, DL, DLo . D 
Li JT-i'iKi. WL, WLo , WLi :7-K 

tS^. ABX, ABY:7Ki/:^^'<y7rlElJift. X 
YD:r3-5^» K^-<-'<@tt. RC:»ft 

MffiaBI. OC:ffi;b@Kt« DO:ett*. CS: 
^s^^ist^^ hfl#. WE : ll«]&^Klf^Q9«l(9 
^. DI sA*, Axo» AxR» AxQ :rK 
l/;»»/<y7TaiA. DECof DECi :-r3- 
^r, WDo , WDi : '7-KK7H'-''^. SA:-fe 

CPliCP2:^ + -i'rffy:/ia«f* 192: 

C P 1 IS *Tii Tar *Ta sC 
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